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AB A recombinant or isolated integrin heterodimer comprising a novel subunit 
all in association with a subunit P is described. The full-length 
cDNA for this integrin subunit, all, has been isolated. The open 
reading frame of the cDNA encodes a precursor of 1188 amino acids. The 
predicted mature protein of 1166 amino acids contains 7 conserved FG-GAP 
repeats, an I-domain with a MIDAS motif, a short transmembrane region and 
a unique cytoplasmic domain of 24 amino acids containing the sequence GFFRS. 
The presence of 22 inserted amino acids in the extracellular stalk portion 
(amino acids 804-826) distinguishes the all integrin sequence from 
other integrin a-chains. Fluorescence in situ hybridization maps 
the integrin all gene to chromosome 15q23, in the vicinity of an 
identified locus for Bardet-Biedl syndrome. Based on Northern blotting 
integrin all mRNA levels are high in adult human uterus and in 
heart, and intermediate in skeletal muscle and some other tissues tested. 
During in vitro myogenic differentiation, all mRNA and protein are 
up-regulated. Studies of ligand binding properties show that all 
binds collagen type I Sepharose and cultured muscle cells localize 
all into focal contacts on collagen type I. The integrin or the 
. subunit all can be used as marker or target of all types of cells. 
The integrin or subunit all thereof can be used as marker or target 
in different physiol. or therapeutic methods. They can also be used as 
active ingredients in pharmaceutical compns . and vaccines. 

REFERENCE COUNT: 9 THERE ARE 9 CITED REFERENCES AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 

IT Mesenchyme 

(stem cell; cloning, characterization and physiol. and therapeutic uses 
of human integrin heterodimer and its novel subunit a 
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AB .alpha. llpl integrin constitutes a recent 

addition to the integrin family. Here, we present the first in vivo 

analysis of .alpha. 11 protein and mRNA distribution 

during human embryonic development, .alpha. 11 protein 

and mRNA were present in various mesenchymal cells around the 

cartilage anlage in the developing skeleton in a pattern similar to that 

described for the transcription factor scleraxis, .alpha. 

11 was also expressed by mesenchymal cells in 

intervertebral discs and in keratocytes in cornea, two sites with highly 
organized collagen networks. Neither .alpha. 11 mRNA 
nor .alpha. 11 protein could be detected in myogenic 

cells in human embryos. The described expression pattern is compatible 
with .alpha. lipi functioning as a receptor for 

interstitial collagens in vivo. To test this hypothesis in vitro, 
full-length human .alpha. 11 cDNA was stably 

transfected into the mouse satellite cell line C2C12, lacking endogenous 
collagen receptors, . alpha. lipi mediated cell 

adhesion to collagens I and IV (with a preference for collagen I) and 

formed focal contacts on collagens. In addition, .alpha. 

lipi mediated contraction of fibrillar collagen gels in a 

manner similar to a2pi, and supported migration on collagen I 

in response to chemotactic stimuli. Our data support a role for . 

alpha. lipi as a receptor for interstitial 

collagens on mesenchymally derived cells and suggest a 

multifunctional role of .alpha. llpl in the 

recognition and organization of interstitial collagen matrices during 
development. .COPYRGT. 2001 Academic Press. 

TI .alpha. lipi integrin is a receptor for 

interstitial collagens involved in cell migration and collagen 
reorganization on mesenchymal nonmuscle cells 

AB .alpha. lipi integrin constitutes a recent 

addition to the integrin family. Here, we present the first in vivo 

analysis of .alpha. 11 protein and mRNA distribution 

during human embryonic development, .alpha. 11 protein 

and mRNA were present in various mesenchymal cells around the 

cartilage anlage in the developing skeleton in a pattern similar to that 

described for the transcription factor scleraxis, .alpha. 

11 was also expressed by mesenchymal cells in 

intervertebral discs and in keratocytes in cornea, two sites with highly 
organized collagen networks. Neither .alpha. 11 mRNA 
nor .alpha. 11 protein could be detected in myogenic 

cells in human embryos. The described expression pattern is compatible 
with .alpha. lipi functioning as a receptor for 



interstitial coliagens in vivo. To test this hypothesis in vitro, 
full-length human .alpha. 11 cDNA was stably 

transfected into the mouse satellite cell line C2C12, lacking endogenous 
collagen receptors, . alpha. lipi mediated cell 

adhesion to coliagens I and IV (with a preference for collagen I) and 

formed focal contacts on coliagens. In addition, .alpha. 

lipi mediated contraction of fibrillar collagen gels in a 

manner similar to a2pi, and supported migration on collagen I 

in response to chemotactic stimuli. Our data support a role for . 

alpha. lipi as a receptor for interstitial 

coliagens on mesenchymally derived cells and suggest a 

multifunctional role of .alpha. lipi in the 

recognition and organization of interstitial collagen matrices during 
development. .COPYRGT. 2001 Academic Press. 
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AB Integrin .alpha. lipi is a collagen receptor 

which is expressed in a subset of mesenchymally-derived tissues 
during embryogenesis . Based on available human chromosome 15-derived 
sequences and genomic PCR, the complete exon structure of ITGAll, 

including the proximal promoter, was assembled into 30 exons . The 
inserted region (encoding amino acids 804-826) distinguishing . 
alpha. 11 from other integrin a chains, was placed 

in the very beginning of exon 20. PCR data failed to show alternative 
splicing of RNA transcribed from this region. Using the oligo-capping 
technique a major transcription start site was mapped 30 nucleotides 
upstream of the translation start and identified as an abbreviated 
initiator sequence. Promoter sequence analysis in silico suggested the 
presence of multiple binding sites for transcription factors in the 
region upstream of the transcription start. 3 kb of the 5* flanking 
sequence was isolated and used to generate luciferase promoter 
constructs. In the fibrosarcoma cell line HT1080 a core promoter [nt 
(-) 127- ( + ) 25] , a potential silencer region [nt (-) 400- (-) 127 ] and a 
potential enhancer region [nt (-) 1519- (-) 400 ] , were identified as being 
important for .alpha. 11 transcription in 

mesenchymal cells. Furthermore, studies of the promoter region 
will provide valuable information regarding the molecular mechanisms 
underlying the cell- and tissue- specific expression pattern of ITGAll. 
.COPYRGT. 2002 Elsevier Science B.V. and International Society of Matrix 
Biology, All rights reserved. 
AB Integrin .alpha. lipi is a collagen receptor 

which is expressed in a subset of mesenchymally-derived tissues 
during embryogenesis. Based on available human chromosome 15-derived 
sequences and genomic PCR, the complete exon structure of ITGAll, 
including the proximal promoter, was assembled into 30 exons. The 
inserted region (encoding amino acids 804-826) distinguishing . 
alpha. 11 from other integrin a chains, was placed 

in the very beginning of exon 20. PCR data failed to show alternative. 

(-) 127- (+) 25] , a potential silencer region [nt {-) 400- (-) 127 ] and a 
potential enhancer region [nt (-) 1519- (-) 400] , were identified as being 
important for .alpha. 11 transcription in 

mesenchymal cells. Furthermore, studies of the promoter region 

will provide valuable information regarding the molecular mechanisms 

underlying the cell- and tissue-. 
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AB The formation and maintenance of tissues in multicellular animals are 

crucially dependent on cellular interactions with the extracellular matrix 
(ECM) . Two different studies on such interactions are presented herein. 

Studies on expression of laminins in normal and dystrophic skeletal 
muscle, clarified a much debated issue regarding discrepancies seen for 
laminin al-chain expression between human and mouse tissues. Lack of 
laminin al-chain expression was verified in both mouse and human 
skeletal muscle. Furthermore, the earlier discrepancies seen for laminin 
al-chain expression was explained by showing that an 

antibody-reagent, commonly used in human studies, recognised the laminin 
a5-chain rather than the laminin al-chain. 

The integrin . alpha . 11-chain (forming . 

alpha. llpl integrin) is the latest addition to the 

integrin receptor family, and belongs to the I .domain-containing group of 
integrin a-chains. Previous studies had shown that . alpha, 
lipi is a collagen receptor. In the present study, the in 
vitro and in vivo functions of the , alpha . 11-chain 

were further characterised. Distribution studies on embryonic human and 

mouse tissues showed that the . alpha . 11-chain was 

expressed on mesenchymal cells in the developing tendon, 

perichondrium, intervertebral disc, and cornea. The interactions of . 

alpha. lipi integrin with collagen type I and IV 

were studied in vitro. The .alpha. lipi bound to 

these collagens in a manner similar to integrin a2pi (with 

collagen type I being the preferred ligand for .alpha. 11 

pi). Furthermore, . alpha. lipi was shown to 

mediate migration on collagen type I coated surfaces, and to mediate 
contraction of collagen type I gels. The in vivo functions of the . 
alpha . 11-chain were investigated by the generation of 
integrin . alpha . 1 1-chain null-mice, using gene 

targeted disruption of the itgall in embryonic stem cells. Two independent 
lines of mice lacking .alpha. 11 protein were 

generated. Phenotypic analysis of these mice indicated a role for . 

alpha. lipi in the formation of the musculoskeletal 

system. 

AB ... that an antibody-reagent, commonly used in human studies, 

recognised the laminin a5-chain rather than the laminin 
al-chain . 
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AB A review. The all integrin chain constitutes the latest addition to 
the integrin family. alipi Was originally identified on 

cultured human muscle cells, but recent studies have shown that it is not 

expressed on muscle cells in vivo. It remains to be determined if satellite 

cells in regenerating muscle express all. Distribution data 

indicate that the .alpha. 11 chain in vivo is expressed 

on a subset of mesenchymal cells in the developing human embryo. 

Expression is high in the developing musculoskeletal system in areas of 

cartilage, bone and in tendon formation. High .alpha. 11 

expression is also seen in mesenchymal tissues characterized by 

elaborately organized collagen matrixes such as the intervertebral disk 

and the cornea. In agreement with the distribution data, ligand binding 

studies suggest that all prefers collagen I over collagen IV, We 

will review the current knowledge about alipi and discuss the 

possible in vivo functions of allpl and also address the issue 

of functional redundancy among collagen-binding integrins. 

REFERENCE COUNT: 57 THERE ARE 57 CITED REFERENCES AVAILABLE FOR THIS 

.RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 

AB A review. The all integrin chain constitutes the latest addition to 
the integrin family, allpl Was originally identified on 

cultured human muscle cells, but recent studies have shown that it is not 

expressed on muscle cells in vivo. It remains to be determined if satellite 

cells in regenerating muscle express all. Distribution data 

indicate that the .alpha. 11 chain in vivo is expressed 

on a subset of mesenchymal cells in the developing human embryo. 

Expression is high in the developing musculoskeletal system in areas of 

cartilage, bone and in tendon formation. High .alpha. 11 

expression is also seen in mesenchymal tissues characterized by 

elaborately organized collagen matrixes such as the intervertebral disk 

and the cornea. In agreement with the distribution data, ligand binding 

studies suggest that all prefers collagen I over collagen IV. We 

will review the current knowledge about alipi and discuss the 

possible in vivo functions of alipi and also address the issue 

of functional redundancy among collagen-binding integrins. 
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AB alpha 11 beta 1 constitutes the most recent addition 

to the integrin family and has been shown to display a binding preference 
for interstitial collagens found in mesenchymal tissues. We have 
previously observed that when alpha 11 beta 1 integrin 
is expressed in cells lacking endogenous collagen receptors, it can 
mediate PDGF-BB-dependent chemotaxis on collagen I in vitro. To determine 
in which cells PDGF and alpha 11 beta 1 might 

cooperate in regulating cell migration in vivo, we studied in detail the 
expression and distribution of alpha 11 integrin chain 

in mouse embryos and tested the ability of PDGF isoforms to stimulate the 
alpha 11 beta 1-mediated cell migration of embryonic 
fibroblasts. Full-length mouse alpha 11 cDNA was 
sequenced and antibodies were raised to deduced alpha 11 
' integrin amino acid sequence. In the embryonic mouse head, alpha 
11 protein and RNA were localized to ectomesenchymally derived 
cells. In the periodontal ligament, alpha 11 beta 1 
was expressed as the only detectable collagen-binding integrin, and 
alpha 11 beta 1 is thus a major receptor for cell 

migration and matrix organization in this cell population. In the 
remainder of the embryo, the alpha 11 chain was 
expressed in a subset of mesenchymal cells including 

tendon/ligament fibroblasts, perichondrial cells, and intestinal villi 
fibroblasts. Most of the alpha 11-expressing cells 

also expressed the alpha 2 integrin chain, but no detectable overlap was 

found with the alpha 1 integrin chain. In cells expressing multiple 
collagen receptors, these might function to promote a more stable cell 
adhesion and render the cells more resistant to chemotactic stimuli. 
Wild-type embryonic fibroblasts activated mainly the PDGF beta receptor in 
response to PDGF-BB and migrated on collagens I II III IV, V, and XI in 
response to PDGF-BB in vitro, whereas mutant fibroblasts that lacked 
alpha 11 beta 1 in their collagen receptor repertoire 

showed a stronger chemotactic response on collagens when stimulated with 
PDGF-BB. In the cellular context of embryonic fibroblasts, alpha 
11 beta 1 is thus anti-migratory. We speculate that the PDGF 
BB-dependent cell migration of mesenchymal cells is tightly 
regulated by the collagen receptor repertoire, and disturbances of this 
repertoire might lead to unregulated cell migration that could affect 
normal embryonic development and tissue structure. 
TI The mesenchymal alpha 11 beta 1 integrin 

attenuates PDGF-BB-stimulated chemotaxis of embryonic fibroblasts on 
collagens 

AB alpha 11 beta 1 constitutes the most recent addition 

to the integrin family and has been shown to display a binding preference 
for interstitial collagens found in mesenchymal tissues. We have 
previously observed that when alpha 11 beta 1 integrin 
is expressed in cells lacking endogenous collagen receptors, it can 
mediate PDGF-BB-dependent chemotaxis on collagen I in vitro. To determine 



in which cells PDGF and alpha 11 beta 1 might 

cooperate in regulating cell migration in vivo, we studied in detail the 
expression and distribution of alpha 11 integrin chain 

in mouse embryos and tested the ability of PDGF isoforms to stimulate the 

alpha 11 beta 1-mediated cell migration of embryonic 

fibroblasts. Full-length mouse alpha 11 cDNA was 

sequenced and antibodies were raised to deduced alpha 11 

integrin amino acid sequence. In the embryonic mouse head, alpha 

11 protein and RNA were localized to ectomesenchymally derived 

cells. In the periodontal ligament, alpha 11 beta 1 

was expressed as the only detectable collagen-binding integrin, and 

alpha 11 beta 1 is thus a major receptor for cell 

migration and matrix organization in this cell population. In the 
remainder of the embryo, the alpha 11 chain was 
expressed in a subset of mesenchymal cells including 

tendon/ligament fibroblasts, perichondrial cells, and intestinal villi 
fibroblasts. Most of the alpha 11-expressing cells 

also expressed the alpha 2 integrin chain, but no detectable overlap was 
found with the alpha 1 integrin chain. ... on collagens I II III IV, 
V, and XI' in response to PDGF-BB in vitro, whereas mutant fibroblasts that 
lacked alpha 11 beta 1 in their collagen receptor 

repertoire showed a stronger chemotactic response on collagens when 

stimulated with PDGF-BB. In the cellular context of embryonic fibroblasts, 

alpha 11 beta 1 is thus anti-migratory. We speculate 

that the PDGF BB-dependent cell migration of mesenchymal cells 

is tightly regulated by the collagen receptor repertoire, and disturbances 

of this repertoire might lead to unregulated cell migration. 
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AB • all 1 integrin is a collagen receptor, which is expressed in a highly 
regulated manner in a specific subset of ectomesenchymally and 
mesodermally derived cells. We previously established that a 3 kb region 
upstream of the transcription start site of the ITGAll gene efficiently 
induced alpha 11 transcription in a cell-type specific manner. Using the 
human fibrosarcoma cell line HT 1080 and human skin fibroblasts, we now 
report that the majority of the activity in the proximal promoter resides 
in a region spanning nt +25 to nt -176. Mutation and deletion analyses 
using luciferase reporter assays showed that tandem low affinity Spl/Sp3 
binding sites, together with an Ets-l-like binding site, were needed for 
the proximal promoter activity in mesenchymal cells. EMSAs and supershift 
assays showed that Spl and Sp3 both bind to the Spl/Sp3 binding sites, 
whereas occupation of the Ets-1 binding site appears to be Sp3-dependent . 
Chromatin immunoprecipitation assays verified that Spl, Sp3 and Ets-1 can 
bind the promoter in vivo. In heterologous Drosophila SL2 cells, Spl, Sp3 
and Ets-1 all transactivated the alpha 11 promoter, with Spl being the 
most efficient activator. The lack of any synergistic effect of Spl/Sp3 
and Ets-1 in SL2 cells indicates that an Ets family member other than 
Ets-1 might be involved in regulating alpha 11 

transcription in mesenchymal cells. The central role of Spl in 
regulating alpha 11 RNA transcription was further verified by the ability 
of the Spl inhibitor mithramycin A to efficiently attenuate a IIRNA and 
protein levels in primary fibroblasts. The proximal promoter itself was 
able to confer cell-type specific transcription on HT1080 cells and 
embryonic fibroblasts but not on U20S and JAR cells. We speculate that 
the "mesenchymal signature" of alpha 11 

•integrin gene expression is controlled by the activity of Spl/Sp3, 
f ibroblast-specif ic combinations of Ets family members and yet 
unidentified enhancer-binding transcription factors, (c) 2005 Elsevier 
B.V. /International Society of Matrix Biology. All rights reserved. 
TI Tandem Spl/Sp3 sites together with an Ets-1 site cooperate to mediate 
alpha 11 integrin chain expression in 
mesenchymal cells. 

AB. . . Spl/Sp3 and Ets-1 in SL2 cells indicates that an Ets family member 
other than Ets-1 might be involved in regulating alpha 
11 transcription in mesenchymal cells.- The central role 
of Spl in regulating alpha 11 RNA transcription was further verified by 
the ability of the. . . cell-type specific transcription on HT1080 
cells and embryonic fibroblasts but not on U20S and JAR cells. We 
speculate that the "mesenchymal signature" of alpha 
11 integrin gene expression is controlled by the activity of 
Spl/Sp3, f ibroblast-specif ic combinations of Ets family members and yet 
unidentified enhancer-binding. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB A recombinant or isolated integrin heterodimer comprising a novel 
subunit alO in association with a subunit p is described. The 
alO integrin may be purified from bovine chondrocytes on a 
collagen-type-II affinity column. The integrin or the subunit alO 
can be used as marker or target of all types of cells, e.g. of 
chondrocytes, osteoblasts and fibroblasts. The integrin or subunit 
alO thereof can be used as marker or target in different 
physiological or therapeutic methods. They can also be used as active 
ingredients in pharmaceutical compositions and vaccines. 

DETD A polyclonal peptide antibody raised against the cytoplasmic domain of 
alpha. 10 precipitated two protein bands with M.sub.r 
of approximately 160 kD (.alpha. 10) and 125 kD 

(pi) under reducing conditions. Immunohistochemistry using the . 
alpha . 10-antibody showed staining of the chondrocytes 

in- tissue sections of human articular cartilage. The antibody staining 
was clearly specific since preincubation of the antibody with the . 
alpha. 10-peptide completely abolished the staining. 
Immunohistochemical staining of mouse limb sections from embryonic 
tissue demonstrated that .alpha. 10 is upregulated 
during condensation of the mesenchyme. This indicate that the 
integrin subunit .alpha. 10 is important during the 
formation of cartilage. In 3 day old mice .alpha. 10 

was found to be the dominating collagen binding integrin subunit which 
point to that .alpha. 10 has a key function in 
maintaining normal cartilage functions. 
DETD FIG. 11 show that .alpha. 10 integrin subunit is 

unregulated in the limb when the mesenchymal cells undergo 
condensation to form cartilage (a) . Especially the edge of the newly 
formed cartilage has high expression of .alpha. 10. 

The formation of cartilage is verified by the high expression of the 
cartilage specific collage type II (b) . The control antibody against 
al integrin subunit showed only weak expression on the cartilage 
(c) . In other experiments expression of .alpha. 10 

was found in all cartilage containing tissues in the 3 day old mouse 
including limbs, ribs and vertebrae. The upregulation of .alpha 



.10 during formation of cartilage suggest that this integrin 

subunit is important both in the development of cartilage and bone and. 
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Two relatively newly discovered integrins, alO ^ — and all,—' — have been shown to be collagen 
receptors that are expressed in cartilage. alO has a cellular distribution that differs from al and a2 and 
is the dominant integrin during embryonic development. ^10 preferentially binds basement 
membrane coUagens, as al, whereas al 1 resembles a2 showing specificity for fibril forming collagens. 
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